Background: the only curative treatment for esophageal cancer is surgical resection. This treatment is associated with a high morbidity rate and long in-hospital recovery period. Both transthoracic and transhiatal esophagectomies are performed worldwide. The transhiatal approach may reduce the respiratory infection rate in compromised patients with distal esophageal and gastro-esophageal (GE) cancers. Minimally invasive esophagectomy could further improve post-operative outcome. Two cohorts of laparoscopic and open transhiatal esophagectomy for cancer were compared for short-and long-term outcome.
INTRODUCTION
The incidence of adenocarcinoma of the esophagus and gastro-esophageal (GE) junction is rapidly rising (1, 2) . The only curative therapy remains surgery. For years, the procedure of choice for esophageal cancer was the Ivor-Lewis operation, later modified by McKeown (3) . With this modified procedure, the esophagus is resected by means of a right-sided thoracotomy combined with a laparotomy using cervical esophagogastric anastomosis (3, 4) . The other frequently used procedure is the transhiatal esophageal resection according to Orringer in which a thoracotomy is avoided (5) . Both procedures have high complication rates, varying from 40 to 80%, and the in-hospital mortality rate averages 7.5% to less than 5% in experienced centers (6) . A meta-analysis that compared transthoracic and transhiatal resections concluded that although transthoracic resections had significantly higher pulmonary morbidity and mortality rates, 5 year survival was about 20% after both approaches (7) .
The approach and extent of the resection that is necessary is still controversial. In a prospective randomized study by Hulscher et al. transthoracic esophageal resection with systematic abdominal and mediastinal lymph node dissection (two-field lymphadenectomy) were compared with the classic transhiatal approach (8) . The transhiatal approach had a lower morbidity than the extended lymphadenectomy. Even if a trend was observed with an advantage for the transthoracic approach in tumors located in the mid-esophagus, the median survival, disease-free, and quality-adjusted survival for the most common lower esophageal cancers were not statistically significant (8) . Since postoperative morbidity after esophagectomy in general is increased in patients > 75 years of age, with prehospital stay higher than 20 days and with prior respiratory disease, the transhiatal route may be beneficial for these compromised patients (9) .
A meta-analysis showed that minimally invasive esophagectomy could lower morbidity and shorten hospital stay (10) . This effect was only present for minimally invasive transthoracic esophagectomy as the case-control studies reporting on laparoscopic transhiatal esophagectomy had a small sample size. To date no randomized trial has been performed comparing laparoscopic and open transhiatal esophagectomy.
This study compares the short-and long-term results of two cohorts of 50 consecutive patients with cancer of the distal esophageal and GE junction who were approached by a minimally invasive procedure or an open procedure. To our knowledge, this is the largest case-control study in literature comparing laparoscopic transhiatal esophagectomy with open transhiatal resection (10) .
PATIENTS AND METHODS
From January 2001 through December 2004, fifty consecutive patients who underwent laparoscopically assisted transhiatal esophageal resection in the VU university medical center were prospectively followed. The results were compared with an unselected historical group of fifty consecutive patients who underwent an open transhiatal esophageal resection in the VU university medical center in the pre-laparoscopic period of January 1998 through December 2000. All patients presented with a squamous cell carcinoma or an adenocarcinoma of the distal 5 centimeters of the esophagus or the GE junction.
Patients with previous upper abdominal surgery did not undergo a laparoscopic approach. Patients with a colon interposition were excluded for the analysis. Pre-operative staging was performed by means of endoscopic ultrasound, computed tomography (CT) -scan of thorax and abdomen and a neck ultrasound.
After May 1999, some patients with locally advanced esophageal cancer (T3, N0, N1) received neoadjuvant chemo-immunotherapy (cisplatin, gemcitabine plus GM-CSF).
Operative technique
The laparoscopic transhiatal esophagectomy was described in an earlier publication by Scheepers et al. (11) . In summary the patient is operated in supine position with neck extended with exposure of the right side. The operating surgeon is standing between the legs with two assistants on both sides. Five trocars are placed in the upper abdomen. A transhiatal dissection of the esophagus is laparoscopically performed in the plane between the pericardium, aorta and both pleurae. Anteriorly, dissection is performed in an avascular plane in the anterior mediastinum with visualization of the pericardium and the pulmonary vein up to the lymph nodes located in the carina. Posteriorly the aorta is approached at the level of the hiatus and in an avascular plane dissected free as high as possible in the posterior mediastinum. Lateral dissection is performed on both sides at the level of the pleurae, which are always opened and en bloc resection is performed when needed. Next the stomach is mobilized including a lymphadenectomy of the celiac trunk. The next step is dissection of the cervical esophagus by a second surgeon and in the meantime introduction of a HandPort system (Smith & Nephew, Inc, Andover, MA) is performed through a 7 cm periumbilical incision. A venous stripper is introduced into the gastric lumen by a small incision in the lesser curvature and then pushed to the cervical esophagus. The cervical esophagus can now be divided and with the hand of the first surgeon in the abdomen and under laparoscopic vision controlled stripping can be safely performed. After retrieval of the specimen the mobilization of the stomach is completed and a small gastric conduit is created by using the 90 mm GIA (US Surgical, Norwalk, CT) stapling device. The gastric tube is oversewn and attached to the nasogastric tube, replaced in the abdomen and pushed into the cervical esophagus under vision. A hand sewn endto-side cervical anastomosis is then performed.
An identical procedure described by Orringer and Sloan (6) was performed in the patients who underwent an open transhiatal esophageal resection. A pyloroplasty was performed only in the first 14 patients.
Post-operative management
Post-operatively, patients were ventilated mechanically at the intensive care unit (ICU) and extubated when haemodinamically and respiratory stable. Extubated patients were admitted to the medium care unit (MCU) and from there to the regular ward. Patients were fed through the jejunostomy feeding tube from the first day after their operation until the oral feeding could be completely resumed. On post-operative day 5, a swallow X-ray examination was performed to assess the anastomosis and gastric tube passage. When no leakage and a good passage were seen, the nasogastric tube was removed and oral feeding was started. Patients were discharged when they were completely mobile and able to feed themselves orally.
Statistical analysis
Statistical analysis was performed using the SPSS software package (SPSS, Chicago, IL, USA). Medians and interquartile ranges at the 25 th and 75 th percentile were calculated and subsequently depicted when relevant. Mann-Whitney U tests and Chi-square tests were used when appropriate. Survival curves were obtained using the Kaplan-Meier method. Survival of both groups was compared with the log-rank test. Significance was set at p < 0.05. There were no significant differences between the groups in terms of gender, age, and American Society of Anesthesiologists (ASA) distribution (Table I) (Table IV) .
RESULTS

Between
Morbidity and mortality
No hospital mortality was recorded for the laparoscopic group, and one patient died after an open procedure (2%) due to acute respiratory distress syndrome. The morbidity rate was comparable in the laparoscopic (42%) and open (66%) group (Table V) .
Pulmonary (i.e. respiratory infections) and cardiac complications were seen less often in the laparoscopic group than in the open group (12 vs. 19), however not statistically significant (p = 0.130). The re-operation rate was 2 (4%) and 3 (6%) in the laparoscopic and open group respectively (p = 0.646).
Survival
Kaplan-Meier analysis at 36 months showed an overall survival of 36% (95% confidence interval: 16.1-55.9) for the laparoscopic group and 38.3% (95% confidence interval: 24.4-52.2) for the open group. At five years overall survival was 29% for the laparoscopic group and 26% for the open group (Fig. 1) . Median disease free survival at 36 months was 31% (95% confidence interval: 29.9-64.0) for the laparoscopic group versus 30.0% (95% confidence interval: 26.2-64.0) for the open group. For 5 years the disease free survival was 23% for laparoscopic and 21% for the open group. No statistical differences in mean survival and mean disease free survival were found after the cohorts were corrected for neoadjuvant therapy.
DISCUSSION
To date both transthoracic and transhiatal esophagectomy are performed worldwide for distal esophageal or GE junction cancers. The objective of this study was to investigate, in the largest case-control study in literature, the role and feasibility of laparoscopic transhiatal esophagectomy. Several minimally invasive approaches have been described to reduce operative trauma, improve dissection of the esophagus and tumor, reducing morbidity. The right thoracoscopic approach, the transhiatal approach, and microscopic endoscopic mediastinal dissection are already being performed (12) (13) (14) (15) (16) . No randomized trials have been performed comparing laparoscopic transhiatal esophagectomy with an open resection.
In spite of initial high percentage of respiratory complication after thoracoscopic esophageal resection (14, 17) . The systematic standardization of the procedure by Luketich et al. (15) has demonstrated that the three-stage operation can be performed safely, in an acceptable operating time, with important advantages in the post-operative recovery of the patients and an oncological outcome at least as good as that after conventional surgery. In their experience of 222 patients, median ICU stay was 1 day and the hospital stay was 7 days, with an operative mortality of 1.4%. Major and minor complication rates were 32 and 23.9%, respectively. The same results are found by Nguyen et al. (18, 19) . The laparoscopic transhiatal approach has been performed in more limited number of patients by different authors (13, 20, 21) . Conversion rates of 11.6% and morbidity rates of 30% have been described by Bonavina et al. in a series of 43 patients, but no comparative studies have been published (20) . The results of the series presented here, concerning morbidity and mortality are consistent with the results published in the literature for both the laparoscopic and the open transhiatal approach (7, 8, 13, (20) (21) (22) (23) . Furthermore, there are no differences concerning morbidity, mortality and operation time between the laparoscopic and open groups, but significantly less blood loss, shorter ICU stay and hospital stay was found in the laparoscopic transhiatal approach.
A point of consideration might be the conversion rate of 18%, this could be possible caused by the learning curve. Nevertheless, in 88% of the patients, the mediastinal dissection of the esophagus could be accomplished laparoscopically without anesthesiological hazards, especially in relation to the opening of the pleura that could produce a tension pneumothorax. Adaptation of positive end expiratory pressure and an increase of minute volume of the mechanical ventilation could avoid this problem and consequent conversion in all patients (24) .Furthermore, laparoscopic transhiatal approach will permit perfect visualization of the mediastinal structures in relation to the tumor up to the carina, making this operation no longer a blind procedure, avoiding also the hemodynamic instability during the conventional dissection by the use of the retractor and manual dissection (25) .
Retrieval of the tumor through a small well protected transumbilical incision instead of through a cervical incision may avoid the appearance of port-site metastases as in the case of laparoscopic colonic surgery for cancer. Moreover, once the specimen is retrieved, dissection around the pylorus and the origin of the gastroepiploic vessels, can be completed followed by formation of the gastric tube, using the conventional GIA-90. In this fashion the operation is time sparing and cost-effective.
The use of pyloroplasty remains controversial as well (17) . Even though many authors still include the drainage of the pylorus in the operative procedure (15) . In the current study, with the exception of the first open 14 operated patients, who underwent a routine pyloroplasty procedure, the avoidance of this pyloroplasty in the following patients did not lead to any emptying problems of the gastric tube during the post-operative period (26) . Therefore, we do not recommend a routine pyloroplasty as part of the gastric tube formation. Interpreting the results of this study one has to consider the fact that the outcome of the 9 patients whom the laparoscopic procedure was converted to an open procedure, were analyzed within the laparoscopy group.
The laparoscopic transhiatal approach used in this study showed important advantages over the open approach, including less operative blood loss, shorter ICU stay, and shorter hospital stay with the same oncological outcome. This makes the laparoscopic transhiatal esophageal resection for tumors of the distal esophagus a feasible procedure. A randomized study would further clarify the role of a laparoscopic approach for distal esophageal cancer.
